The paper investigates the European space heating (SH) and domestic hot water (DHW) market in order to close knowledge gaps concerning its size. The stimulus for this research arises from incongruences found in SH and DHW market's data in spite of over two decades of scientific research. The given investigation has been carried out in the framework of the Hotmaps project (Horizon 2020-H2020), which aims at designing an open source toolbox to support urban planners, energy agencies, and public authorities in heating and cooling (H&C) planning on country, regional, and local levels. Our research collects and analyzes SH and DHW market data in the European Union (EU), specifically the amount of operative units, installed capacities, energy efficiency coefficients as well as equivalent full-load hours per equipment type and country, with a bottom-up approach. The analysis indicates that SH and DHW account for a significant portion of the total EU energy utilization (more than 20%), amounting to almost 3900 TWh/y. At the same time, the energy consumption provided by district heating (DH) systems exceeds the one of condensing boilers. While DH systems applications are growing throughout the EU, the replacement of elderly, conventional boilers progresses at a slower pace.
Introduction
While the member states (MS) of the European Union (EU) aim at reaching an integrated policy framework, especially directed at delivering sound market regulations to investors, national policies have been focused on a permanent improvement in efficiency by bringing the share of energy generated by renewable energy sources (RES) to 27% within 2030. Moreover, EU MS explicitly set a reduction in greenhouse gas (GHG) emissions goal of 40% compared to 1990 levels by 2030 [1], aiming to 80-95% by 2050 [2] . The achievement of the Paris Conference of the Parties 21 (COP21) accordance will require reaching at least the upper bound of this range [3] .
In 2015, EU's primary energy consumption accounted for about 1600 Mtoe/y, of which a major contribution is provided by heating and cooling (H&C) applications (about 800 Mtoe/y, including also industrial heat), followed by transport and electricity (about 490 Mtoe/y and 310 Mtoe/y respectively) [4] [5] [6] [7] [8] . Buildings are responsible for approximately 640 Mtoe/y, which corresponds to 40% of the whole EU primary energy consumption [9, 10] . The largest parts of energy utilization within the EU building stock (~75% in total), according to an order of magnitude, occur for space heating (SH), domestic hot water (DHW), and space cooling (SC) [11] . In the past three decades, EU MS invested massively in assessing the energy used by the different sectors [12] [13] [14] [15] [16] [17] . In contrast to SC, the SH and DHW field is well researched in the scientific literature since more than two decades apart [7, 18] .
In particular, the EC supported a number of studies to provide quantitative data in this area, and inform related energy strategies and roadmaps (e.g., EC 2019 [19] , Pardo et al. 2012 [20] , and EC 2011 [21] ). Further notable studies on the SH and DHW market in Europe were the result of various projects, such as the H2020 HRE4 [22] , IEE STRATEGO [23] , and Seventh Framework Programme (FP7) iNSPiRe [24] . Moreover, the following reports provide valuable insights into the investigated market: Patronen et al. 2012 [25] , Boermans et al. 2012 [26] , Von Manteuffel et al. 2016 [27] , and Sanner et al. 2011 [28] . Finally, also scientific journal papers like Scoccia et al. 2018 [29] , Balaras et al. 2007 [30] , and Leurent et al. 2018 [31] contribute to the understanding of the SH and DHW market in Europe.
Carried out in the framework of the Horizon 2020 (H2020) Hotmaps project [32] , our study generated a data repository for the SH and DHW market [33] (sources are available in the respective csv file [34] ). The data are released as open data under the Creative Commons license CC-BY 4.0 [35] . This EU-funded project aims at designing an open source toolbox (released under the Apache 2.0 license [36] ) to support urban planners, energy agencies, and public authorities in heating and cooling (H&C) planning at different scales (national, regional, and local), and in line with EU policies. As part of the project, the data analyzed in the present paper have been collected through a bottom-up approach. Based on the analysis carried out in [37] , a more comprehensive investigation has been performed. In particular, we took a closer look at the uncertainty of generated results, provided an interpretation of the main outcomes, compared the main result with related findings of scientific literature as well as discussed its implications.
In order to create a high quality data set-characterized by completeness, accuracy, and reliability-in the framework of our analysis we place a special focus on the following aspects:
• Data inventory; • Data reliability; • Data definition and comparability [37] [38] [39] .
Data Inventory
One of the main challenges of creating an inventory of SH and DHW market technologies consists of preparing an exhaustive list of all existing data. Generally, the use of data collected at EU-wide level offers unique advantages due to their extensive territorial scope (e.g., EurObserv'ER [40] , EUROHEAT&POWER [41] , and EHPA [42] ). However, data completeness can never be fully ensured.
Attempts of closing data gaps require not only extrapolating and assembling data from large data sets available online (e.g., EU Buildings Database [43] , EHPA's Online Stats Tool [44] , and IGA [45] ). To ensure a rigorous approach and address the lack of data, it also encompasses searching data source-by-source, especially by using individual scientific literature sources such as journal papers (e.g., Bertoldi et al. 2012 [46] , Martinopoulos et al. 2018 [47] , and Clay 2015 [48] ).
One important aspect of the data inventory is to ensure that the information can be understood and interpreted correctly by any user. This requires a compilation of clear metadata description, annotation, contextual information, and documentation. The data documentation provides standardized structured information, indicating the creator, title, time references, access conditions, and terms of use of the data collection (please see Pezzutto and Zambelli 2019 [34] and Pezzutto and Zambelli 2019 [49] ). The data repository is structured following the Frictionless data standards [50] , to encode and describe the metadata and the main data set information using a data package.json file that is readable by both human and computers. A more detailed insight on the methodology that produced the data set is provided by the respective README.md file [51] . The license of the data repository is encoded using the Software Package Data Exchange (SPDX) format [52] , in order to univocally identify the license. The Hotmaps' project selects a git repository to publish the data set, instead for example of a File Transfer Protocol (FTP) service, because a git service allows to: (i) preserve the history of the changes; (ii) perform an automatic versioning of the data that univocally identified the data set; and (iii) provide the functionalities to manage and discuss external contributions (e.g., open/assign/close issues, accept/comment/reject data modifications, etc.). Further details on the data inventory can be found in the Hotmaps Data Management Plan (DMP) [53] .
Data Reliability
Much effort has been dedicated to analyze sources, assess the reliability of the gathered data, and fill existing gaps by in-depth investigations. We discern various types of information, by analyzing the different approaches applied for the collection of the identified data (e.g., amount of SH and DHW sold vs. operative units). In case of lacking or uncertain documentation, the data have not been considered for the development of the database.
All information collected on SH and DHW (i.e., amount of operative units, installed capacities, energy efficiency coefficients as well as equivalent full-load hours per equipment type and country) have been filtered and evaluated statistically; the methodology adopted is described in Section 2. Materials and Methods. Moreover, additional sources and types of information have been used to validate the outcomes obtained for the EU28 (see Section 4-Discussion) to assess their reliability.
Data Definition and Comparability
Although most data providers use standardized data formats and units, this does not necessarily mean that data are entirely comparable. In order to increase data comparability, the entire process of data elaboration requires adjusting differences and inconsistencies resulting from different methods, assumptions, measures, time references, and specifications [54] .
Data have been collected for each EU MS using the most recent year available, while data over a decade old have been excluded (please see [34] ). The developed data sets including the documentation are expected to improve data quality, add value to already existing data and provide data needed to monitor the progress of the SH and DHW field in Europe.
Materials and Methods
Our main data sources were derived from previous works. In particular, to those elaborated by AALBORG UNIVERSITY, HALMSTAD UNIVERSITY, and EUROPA-UNIVERSITÄT FLENSBURG in the context of several projects dedicated to the topic, including the data sets of the H2020 project Heat Roadmap Europe 4 (HRE4) [55] , and the Intelligent Energy Europe (IEE) project STRATEGO (Multi level actions for enhanced Heating and Cooling plans) [56] . Another source, relevant for the data set compilation of the present investigation, is the data collection of the tender "Mapping and analyses of the current and future (2020-2030) heating/cooling fuel deployment (fossil/renewables)-ENER/C2/2014-641" led by the Fraunhofer Institute for Systems and Innovation Research-FH ISI [57] .
Besides the deliverables achieved through the projects above (such as [58] [59] [60] ), "Deliverable 2.1 Intermediate analysis of the heating and cooling industry" [61] was key in carrying out our work. The deliverable was produced within the tender "Support to key activities of the European technology platform on renewable heating and cooling"-PP-2041/2014.
Additional important information are provided by reports of Solar Heat Worldwide (e.g., [62, 63] ), EUROSTAT [64] , and the TABULA WebTool [65] . Scientific publications have also been used as data sources, e.g., [66] [67] [68] . Given the large amount of references, in Section 3. Results and • Combined heat and power-Internal combustion (CHP-IC); • District heating (DH).
In the list above, furnaces were classified in the category "Boilers, Non-condensing". For each MS and type of equipment, data regarding number of units, installed capacity, yearly equivalent full-load hours, and energy efficiency coefficients were collected. With regard to energy efficiency coefficients, the absolute majority of the technologies identified were characterized by thermal efficiency. These include condensing and non-condensing boilers, stoves, electric radiators, CHP-IC units, and various solar thermal systems (unglazed, flat-plate, and evacuated tube collectors). Aerothermal and geothermal HPs were instead described by the coefficient of performance (COP). In order to estimate the efficiency of DH systems, mean losses were included by considering DH network heat losses [70] .
We also researched information on system types-in percentage at country level-as well as resources used to fuel each equipment considered. The latter are classified as proposed in [58, 64, 69] :
Other fuels.
The category "Other fuels" included less dispersed combustibles (e.g., coke, peat, etc.) [64] . The data analysis was based on a bottom-up approach, which included an extensive literature analysis aimed at deriving reliable values. Data collected from scientific literature sources were filtered and statistically analyzed.
As a first step, for each MS and category of information (i.e., number of units, installed capacity, yearly equivalent full-load hours, and energy efficiency coefficients) at least three data were collected from different sources when possible. Then, their mean values were calculated. Depending on the amount of references, data that departed between a range of plus or minus one standard deviation around the mean of the respective data pool were excluded. The resulting numbers were utilized to calculate a more robust mean.
The sources of the data used as input cannot always be classified as open data, but the results of the statistical elaboration were released as open data. The published data set in [34] explicitly specifies when a value is the result of the statistical elaboration using more than one source (tagged as "Own calculation") or derived by a single source solely; for the latter, the source is specified.
Moreover, the coefficient of variation (CV) was utilized as a statistical indicator of uncertainty for generated values. The CV is the ratio of the standard deviation to the mean. The higher the CV the higher is the dispersion around the mean. Generally, it is indicated as a percentage [71, 72] (displayed at the top of the columns in Figures 1-4 ). Unfortunately, due to missing data, it was not always possible to retrieve two or more data for each investigated value; in these cases, no statistical elaborations were carried out. In a minor amount of cases, data were extrapolated from one country, where data were available, to another, where data were missing-whenever in the presence of geographical, socio-economic, and historical similarities. Extrapolation of data was applied to the following countries:
• Czech Republic and Slovakia; • Bulgaria and Romania; • Estonia, Latvia, and Lithuania.
This approach was only applied with regard to mean installed capacities, efficiencies, and equivalent full-load hours. We did not put forward any specific assumption on mean installed capacities for DH systems. Zero values are present only when this was supported by one or more references, e.g., showing that no DH systems are available in Malta so far [73] . In a few specific cases, when information was available only at aggregated EU28 level, data were applied to all MS equally. As an example, this was the case of values regarding the mean installed capacity of stoves [61] .
Based on the methodology proposed by Pezzutto et al. 2017 [7] , once the data collection has been concluded, mean capacities installed per technology have been divided by their respective energy efficiency coefficients to obtain the work input (W) per equipment type. Then, in order to obtain energy consumption values per equipment type and sector, the number (Nr.) of units was multiplied by the equivalent full-load hours (T-time) in a year and by its work input (W) using the following Equation (1):
The utilized formula represents a simplified method to assess the energy consumption given by SH and DHW equipment at EU28 level, not differentiating between modulation and on-off equipment, as well as not considering partial load operation, efficiency of sources depending on its level of load, and accumulation of energy in buildings. Mainly due to not taking into consideration partial load operation, the used methodology thus might underestimate the assessed energy consumption.
To compare this investigation outcome with others in the scientific literature (please see Section 4. Discussion), we converted energy demand in energy consumption values by multiplying by 1.15. An important distinction is in place: What is meant with energy demand and energy consumption. The first is the net energy necessary to satisfy both SH and DHW needs. The second represents instead the input of energy at the level of devices necessary to cover the demand. On the basis of these definitions, the values of these quantities differ by a conversion factor. With these premises, since a boiler's efficiency is <1 (about 0.8-0.9 for those currently installed in Europe), energy consumption values are always higher compared to demand [37, 66, 69] .
As the applied methodology relies on a number of assumptions, the main uncertainties associated with the final results were the following:
• The use of average data at the EU level, when data for each MS were not available, and of efficiency coefficients constants for all MS were necessary to fill the existing gaps in EU databases on SH and DHW and to perform the analysis for estimating the European SH and DHW market. However, these hypotheses result in inaccuracies related to the correctness of the final data relatively to each MS.
•
Correspondence of full-load hours, efficiency, and mean installed capacity were assumed in case of missing data for countries with geographical, socio-economic, and historical similarities. However, SH and DHW systems are not always conforming and there might be differences between regions. This might also be influenced by diversities in climatic conditions.
At this point, it has to be stressed that the amount of data subject to assumptions accounted for approximately 4% of those needed to generate the results of the present investigation.
•
The utilization of an EU-wide mean value to turn SH and DHW demand into energy consumption leads to imprecisions, given the energy efficiency level taken into consideration refers to boilers only. However, the considered equipment is the most diffused in Europe [57, 58] .
Results
The present paper displays the main results aggregated at the whole EU28 level and not for each MS individually. The entire data set, with detailed data for each MS, including sources, is available as open data in the Hotmaps git repository under [33] under [34] . The results at EU28 scale, per each type of equipment, regarded all the main data categories used for the estimation of the final energy consumption, i.e., number of installed units, equivalent full-load hours, mean installed capacity, and energy efficiency coefficients. Finally, the distribution of energy consumption per equipment type at EU28 level was presented and discussed.
In the column charts of Figure 1 , the error bars indicated standard deviations, and above positioned percentages the coefficient of variation (CV).
With regard to installed units, Figure 1 shows the amount of SH and DHW units per equipment type at EU28 level (in millions-Mil.). Non-condensing boilers had the greatest diffusion, with about 80 Mil. installed devices, followed by stoves (60 Mil.) . Other technologies, in order of distribution magnitude are electric radiators (approximately 30 Mil. units), condensing boilers, and aerothermal HPs, with about 10 Mil. units, respectively. They are followed by geothermal HPs (2 Mil. units) and STS flat-plate collectors (about 1 Mil. units). STS-evacuated tube collectors, CHP-IC, STS-unglazed collectors, and DH were less diffused equipment, with 0.14, 0.05, 0.03, and 0.02 Mil. units, respectively.
Looking at the average CV percentages per equipment type related to SH and DHW at EU28 level (indicated on the top of the columns over the bars in Figure 1) we inferred that the data building these bars were highly unequally distributed. The overall CV percentage was 34%. The highest variation was the one of condensing boilers (~66%), followed by aerothermal HPs (~52%). The lowest variation was the one of stoves (~8%). Other equipment types were characterized by variations around 30%. 
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The mean installed capacity per equipment type in kW is presented in Figure 3 . DH's mean value CV percentages included in Figure 2 indicated that the obtained data was rather dispersed. The mean value amounted to roughly 26%. The highest variation was given for STS-evacuated tube collectors (~53%), followed by the variation of STS-unglazed (~40%). The lowest variations related to condensing and non-condensing boilers (~6%). Other equipment types were characterized by variations between about 18% and 34%. 
The mean installed capacity per equipment type in kW is presented in Figure 3 . DH's mean value The mean installed capacity per equipment type in kW is presented in Figure 3 . DH's mean value exceeded Figure 3 In the case of average installed capacity per SH and DHW equipment type (EU28), the mean CV percentage was quite high, with an average of 38%. The highest variation related to stoves and aerothermal HPs (around 70%) followed by electric radiations (~60%). Geothermal HPs and CHP-IC followed with variations of about 40%. The lowest variations related to condensing and non-condensing boilers (~3%). Other equipment types were characterized by variations around 30%. 
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were not related to real operating conditions for building uses. To fully consider DH systems' efficiency,
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we included in the mean losses those deriving from DH network heat losses. The heat losses mean value 311 for EU28 was found to be 13.70% [70] .
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For SH and DHW equipment, energy efficiency coefficients at full-load (EU28) had CV mean
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percentages with values around 10%. The highest variation was found for stoves (~36%). The lowest one
314
for electric radiators (~2%). Other equipment types were characterized by variations between 5% and 12%. Efficiency values at full-load ( Figure 4 ) were evaluated by means of different indicators depending on the technology of the equipment type considered. Looking at technologies characterized by a thermal efficiency coefficient, we found that boilers and electric radiators had efficiency mean values near to 100%, with STS-unglazed collectors and non-condensing boilers being placed second and third with around 90% and 85%. Other STS systems, flat-plate and evacuated tube collectors, presented values around 60%; while, CHP-IC units and stoves of respectively 58% and 50%. For technologies characterized by a COP coefficient, geothermal HPs were significantly more efficient than aerothermal ones, the energy efficiency of the former amounting to 4.5 and of the latter to 3.5. Indicated values referred to nominal COPs and were not related to real operating conditions for building uses. To fully consider DH systems' efficiency, we included in the mean losses those deriving from DH network heat losses. The heat losses mean value for EU28 was found to be 13.70% [70] .
For SH and DHW equipment, energy efficiency coefficients at full-load (EU28) had CV mean percentages with values around 10%. The highest variation was found for stoves (~36%). The lowest one for electric radiators (~2%). Other equipment types were characterized by variations between 5% and 12%. Energies 2019, 12, x FOR PEER REVIEW 9 of 17 
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Additionally, Table 2 displays the results in percentage with regard to various fuels utilization
332
for SH and DHW equipment in the 28 EU MS. Finally, including the data presented in previous figures in Equation (1), the results in terms of energy consumption per equipment type ( Figure 5 ) were obtained. The entire EU28 energy use for SH and DHW technologies amounted to approximately 3880 TWh/y, and its largest share went to non-condensing boilers (over 2600 TWh/y, equaling to 67% of total). DH technologies came second with an energy use of about 500 TWh/y (13% of total). Condensing boilers' energy consumption corresponded to 350 TWh/y (i.e., 9% of total), while electric radiators consumed nearly 250 TWh/y (approximately 6% of total). These were followed by stoves, with about 130 TWh/y (approximately 3% of the above indicated 3880 TWh/y). CHP-IC, STS (flat-plate collectors), aerothermal HPs, STS (unglazed collectors), geothermal HPs, and STS (evacuated tube collectors) were last, accounting together for about 2% of total. A particularly striking feature was that the energy consumption deriving from DH systems exceeded the one of condensing boilers. The indicated difference was significant as the value for DH systems was approximately 25% higher. 
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for SH and DHW equipment in the 28 EU MS. Additionally, Table 2 displays the results in percentage with regard to various fuels utilization for SH and DHW equipment in the 28 EU MS. 1 Electric radiators, aerothermal, and geothermal HPs, as well as STS-unglazed, flat-plate, and evacuated tube collectors were not considered in Table 2 due to not being fuel powered. A minor amount of coal and renewables driven condensing boilers, as well as not solely renewables (biomass) powered stoves are operative in Europe too [58, 69, 76] .
As per Table 2 , condensing boilers were mostly gas (natural gas) driven (~66%), followed by oil, with about 34%. The same ranking applies for non-condensing boilers. Gas (natural gas) was the first energy vector with nearly 54%. Oil was second (~38%), followed by RES and coal with about 5% and 2%, respectively.
Stoves were estimated to be for 100% RES (biomass) driven.
Regarding CHP-IC, gas (natural gas) again was the first (~43%). RES and coal followed with about 23% and 19%, respectively. In the last place we found "other fuels" and oil, with approximately 7% each.
DH systems were found to be mainly powered by gas (natural gas). Coal comes next, with about 29%. Close behind coal, what follows were renewables, with nearly 26%. Last positioned were oil and other fuels, with approximately 4% and 2%.
In conclusion, the outcome concerning centralized and individual boilers utilization showed individual technologies to be present in EU28 with slightly over half, nearly 54% [59, 60, 69] .
Discussion
SH and DHW equipment's total energy consumption at EU28 level nearly reached 3900 TWh/y (approximately 3880 TWh/y) of which over 85% (about 3315 TWh/y) of this was provided by SH. Thus, only about 600 TWh/y (~580 TWh/y) accounted for DHW use. SH and DHW total consumption accounted for more than 20% of the EU's entire energy consumption [5] . If SC consumption was included, the latter amounted to only about 3% of the total energy consumption [37] .
While notable studies in the field report SH and DHW values very close to ours (the H2020 project HRE4 [22] , a publication of Patronen et al. 2012 [25] , as well as the IEE STRATEGO project [23] ), other studies differ greatly reporting values both falling short and exceeding ours. The three studies reporting values very close to ours differ by 3% to 6%.
The numbers falling short are provided by Boermans et al. 2012 [26] , a report of the Seventh Framework Programme (FP7) iNSPiRe project [24] , and by Von Manteuffel et al. 2016 [27] . In this case, differences with respect to our work range from 12% to 47%.
The detected values exceeding ours are given by Sanner et al. 2011 [28] , Scoccia et al. 2018 [29] , and Balaras et al. 2007 [30] . The indications provided by these authors vary compared to our own by 13% to 35%. Table 3 summarizes and analyzes in greater detail similarities and differences to our outcome found in scientific literature: We wish to emphasize that even though only~11% of the input data for our investigation derived from the HRE4 project, our result showed only a minor deviation, 3%.
Furthermore, concerning the IEE STRATEGO project result, we must recall that the output would be even lower if taking into consideration the decrease of energy use for SH and DHW in EU buildings in the past decade.
To complete our study, we calculated energy consumption for DHW per MS, using population and household data-by means of energy per person [77] , number of inhabitants [78] , and dwellings [79] . The values, expressed in TWh/y, were found to be approximately 510 TWh/y and 540 TWh/y, respectively. Thus, the differences with respect to the results shown above were 12% and 7%, respectively. Please find respective data set under [80] (details on all sources used are available in the respective csv file [81] ).
As already mentioned in the Section 3. Results, a particularly striking result is given by the fact that energy consumption provided by DH systems exceeded the one of condensing boilers by 25%. Furthermore, comparing non-condensing boilers with condensing ones, we found that the replacement of conventional boilers with better performing SH and DHW technologies seemed to progress very slowly. As a plausibility check, we should first consider the share of biomass boilers (~2%), oil boilers (~19%), and natural gas boilers (~28%) [23] . In fact, while Regulation EU 813/2013 does not impose the use of condensing boilers over biomass boilers, it only came into place at the end of 2015, with significant exemptions. As a further confirmation of our results, if we suppose that all gas and oil boilers installed in the period 2015-2016 are substituted by condensing boilers, these would reach a total number of around 10.7 Mil. (assuming non-condensing boilers installed prior to 2015 and assuming a lifetime of 15 years) [82] . This is very much in line with the data presented in Figure 1 . However, in the event of an enforcement of the Eco-design Regulation EU 813/2013, the share of condensing boilers should grow significantly in the coming years. This evidence is further reinforced by the indication that the thermal efficiency of currently installed boilers in Europe is approximately 85% [66] , while condensing boilers are characterized by declared efficiency levels of approximately 99% [37] . On the other hand, a number of scientific resources confirm the steady growth of DH applications within the EU28 [83] [84] [85] .
Concerning the fuels utilization at EU28 level for SH and DHW equipment (Table 2) , it has to be stressed that gas (natural gas) dominated the ranking, while renewables were lower positioned, besides in the case of stoves. However, it is worth nothing that the indicated renewables value for stoves had been estimated due to a lack of sources. RES were mostly found at lower level positions (once again this was not valid for stoves and CHP-IC). Especially with regard to DH, the utilization for RES was characterized by a high potential [86] [87] [88] .
Conclusions
This work presented a collection, statistical elaboration, calculation, and comparison of data that offered insights on the SH and DHW market for the EU28. The main aspects were the following:
• A significant portion of the total EU energy consumption went to SH and DHW (more than 20%), reaching almost the value of 3900 TWh/y.
•
The energy consumption of DH systems covered around 13% of the total, and exceeded that of condensing boilers. While DH system applications are growing throughout the EU, the replacement of older, conventional boilers progresses at a slower pace.
The investigation also included information on the use of fuels for SH and DHW technologies at the EU28 level. Gas (i.e., natural gas) was the most diffused, while renewables were ranking lower. This was different for stoves and CHP-IC. Especially DH offered a high potential for the use of RES.
The collected data per MS and the entire EU are also available as an open source data set, which allows for freely access and to retrieve information on SH and DHW consumption.
The data collection at the basis of the investigation and its insights presented certain limitations, which resulted from the assumptions indicated in Section 2. Materials and Methods.
All types of collected data (amount of operative units, installed capacities, energy efficiency coefficients as well as equivalent full-load hours per SH and DHW equipment type and country) were subject to not negligible variations, which resulted in pertinent CV values. This was especially true for collected data concerning the number of operative units for condensing boilers and aerothermal HPs (CV = 66% and 52%, respectively), the amount of equivalent full-load hours of STS-evacuated tube collectors (CV = 53%), and mean installed capacities of electric radiators (CV = 60%). Consequently, the performed analysis represented an assessment, and respective outcomes are to be interpreted with care.
The data collection and results of this work can form the basis for the collection and analysis of further data regarding Europe's building stock. Finally, our research indicates room for improvement in terms of data quality and completeness, as well as for extending the scope to areas such as industry and transportation.
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